The stopping power and range for electrons in matter are the most important parameters in predicting the consequences of the electrons interacted with matter. In this work, we used our previously developed method to calculate these parameters. In our calculation method, main parameter is the velocity dependent electronic charge density of target which we obtained by using Roothaan -Hartree-Fock (RHF) wave functions. For range calculations, we used the continuous slowdown approach (CSDA) which neglects the energyloss fluctuations so incident particle loses its energy in a medium continuously at a rate equal to the total stopping power. The stopping power and CSDA Range values have been calculated for electrons incident on brain, breast and eye. Obtained results have been compared with the available data. Pacs: 31.15.A, 34.50.Bw, 41.75.Fr, 41.75.Ht, 87.53.Ay 
is necessary in many areas such as nuclear and particle physics, material science and medical applications of physics. The stopping power is defined as the average energy loss per unit path length of incoming particle in target material, and the range is defined as the travelling distance of projectile in matter.
Electron beams are widely used in medicine especially for radiotherapy. It is important to have sensitive dosimeters to verify the therapy systems [1] . Dosimeter characteristics can be determined by using the clinic electron beams. Therefore, one must know the stopping power and range values for such materials. Besides developing the new dosimeter materials, it is also important to know the stopping power and range values for the estimating the obtained dose by target [2, 3] , this makes possible to estimate the effect of the electron beams in the target. These values determined or read from the database in the radiation therapy systems. In this work, we present newly developed calculation techniques for the stopping power and range values.
For electron beams, two different interaction mechanisms are considered to calculate the stopping power and range values. First, the interaction between projectile and target's electrons, which is called the collisional or electronic stopping power. The second one is the interaction of projectile with the Coulomb field of target's nucleus; since accelerated charged particles radiate, this is called the radiative stopping power or Bremsstrahlung. As a result, total stopping power is given as follows:
To calculate the stopping power there have been developed several theories since the beginning of the 20 th century. Among these theories, the studies of Bethe and Bloch [4, 5] provide a quantitative account at the high incoming energies of projectile, while at low projectile's velocities, dielectric and Firsov theories [6, 7] have shown on very general grounds that Stopping Power must be linearly proportional to the ion velocity ν. Additionally, many scientist have studied on the stopping power for electrons in matter, empirically and theoretically [8] [9] [10] [11] [12] [13] [14] [15] in the spirit of above mentioned theories.
In our recent works [16, 17] we have calculated the stopping power and range for positrons and electrons. In these works, effective charge and mean excitation of the target were determined by using 19] charge density with Tietz's screening function [20] . While Thomas-Fermi electron gas model does not account for the shell structure of the atom, it is well known that Roothan-Hartree-Fock model does by using the orbital wave functions.
The aim of this work is to calculate the stopping power and range values for incident electrons, whose energies ranging from 10 keV to 900 MeV, in brain, breast eye and skin for the energy range. In our calculations electronic charge density of targets has critical role. In this work we have used the Roothaan-Hartree-Fock (RHF) [21] method to get the atomic electron densities. This method was applied for the stopping powers and range calculations for protons in our previous paper [22] . In this paper we have applied this method for electrons instead of protons. However, the stopping power calculation requires considering different interaction mechanism for electrons.
The collisional stopping power was calculated by using Sugiyama [23] , and Rohrlich 
Method

1) Energy Loss Calculations
Energy loss of incident electrons in matter is calculated by considering the two different mechanisms as mentioned above.
The collisional stopping power has been calculated by considering the effective charge and mean excitation energy of the target, and effective charge of the incident particles. We used the Rohrlich and Carlson formulation [24] modificated by Sugiyama [23] . The modified mass collisional stopping power formula for incoming electrons is is the density of the target, respectively.
The effective charge and mean excitation energy of the target, Z ଶ * and I ଶ * , can be obtained by applying the Bohr's stripping criterion [27, 28] . According to this theory the electrons whose orbital velocities are lower velocity of the atom are stripped off. Such a criterion can be written in the form of potential energy condition [15] .
Where r c is the distance from the nucleus of an electron bound to the target atoms for which its velocity is equal to the velocity of incident electron. Then Z ଶ * and I ଶ * are calculated as
where, ‫ݓ‬ is plasma frequency and ߛ is a adjustable parameter defined by Lindhard and
Scharff [6] . The semiempirical effective charge of incident electrons z * is given by Sugiyama [14] as
The radiative stopping power is caused the coulomb field of target nucleus. 
where X 0 , which is called the radiation length of electron in matter, is given by [25]
where α=1/137.03599911, r e =2.817940325 fm, E and A are the fine structure constant, the classical electron radius, the kinetic energy of incident particle and the atomic mass of the target, respectively; L ୰ୟୢ and L ᇱ ୰ୟୢ are given in Table 1 , and
with = ߙܼ . Table 1 2
. Range Calculations
Range of electrons in matter is calculated by integrating the reciprocal of the total stopping power with respect to energy. In this paper we have used the Continuous Slowing Down Approximation (CSDA), which energy-loss fluctuations are neglected and charged particles are assumed to lose their energy continuously along their tracks at a rate given by the stopping power [10] . This is a very close approximation to the average path length travelled by a charged particle in the course of slowing down to rest [31] . Since light charged particles are scattered with very large angle, their path in matter is very circuitous. The path length of heavy charged particles is straighter than the path length of light charged particles. According to the CSDA, range of an incident particle with initial kinetic energy E 0 is calculated by
is the total stopping power at energy E ′ and ‫ܧ‬ is the final energy at which particles were assumed to be stopped by the medium.
Electronic Charge Density
The key parameter to calculate stopping power and range is electronic charge density of target. It directly defines the effective charge and mean excitation energy. In our previous
papers [12, 17] , we used several methods to describe the electronic charge density. In this paper, we used the Roothaan -Hartree-Fock wave functions for the defining the electronic charge density to calculate the stopping powers and ranges for electron beams.
According to the RHF Approximation, wave functions of atoms are obtained by linear combinations of one-electron wave functions. So, the i th orbital wave function is given by
Where χ ୬୪୫ ౢ is the one-electron wave function, and it is defined as Slater-Type orbitals:
where
and Y ୪୫ ౢ (θ, φ) are normalized spherical harmonics in complex form, n ୬୪ and e ିஞ ౢ ୰ are effective main quantum numbers and adjustable parameter so as to give the best energy [32].
Expansion coefficients in Eq. 13, c ୬୪ , are obtained by solving the formulation described in Clementi and Roetti [21] .
By following the above procedure, we obtain the atomic wave functions. The atomic charge density is obtained as [21] ;
where Z i , is the number electrons in the i th orbital.
Results and discussions
In this work, we have calculated effective charge and effective mean excitation energy of target by using Bohr's stripping criterion with RHF electronic charge densities while effective charge of electrons have been calculated semi-empirical methods of Sugiyama [23] . Then the total stopping power and range values have been obtained.
The stopping power and range values are also important in the field of radiological protection.
Since their possible exposures are common in radiotherapy applications, we report the stopping power and range for electrons in breast, brain and eye tissues. Material composition of these tissues are taken from the ICRU Report 44 [33] and shown in Table 2 . As seen from the figures, newly developed calculation procedure shows the better agreement with the ESTAR, GEANT4 and PENELOPE results than the previous one. The main difference between these two calculation procedures is at the collisional stopping power. On the other hand, using RHF charge densities increase the calculation time but it gives the more reliable results.
In the energy range between 10 keV and 900 MeV, agreement with our results for the collisional stopping power is approximately 5% for both ESTAR and GEANT4, and 7% for PENELOPE while our previous work [17] shows approximately 8% agreement with ESTAR and GEANT4, and 7% with PENELOPE. When compared the radiative stopping power, it is seen that our results agree with 20% ESTAR, 4% GEANT4 and 15% PENELOPE at the between our results and GEANT4 remains same above 100 MeV. Since we have not change the calculation procedure in the radiative stopping power, one can obtain the same results also for previous work [17] .
For the range results, it is found that agreement with our results is less than 3% for ESTAR and GEANT4, and 5% for PENELOPE, while the agreement with our previous results is less than 9% for both ESTAR and GEANT4, and 8% for PENELOPE.
As mentioned above, agreement with the GEANT4, PENELOPE and ESTAR is better for present results than previous one. The reason of this is mainly the effect of using RHF charge densities since it account the shell structure of the atoms. This also shows that shell structure effect the calculation of stopping power. The shell correction to the stopping power is extensively explained in the book of Sigmund [37] . Using RHF charge densities makes the calculation needless for additional terms.
Conclusions
The RHF techniques are commonly used especially in the multi-body problems. In this work, we used RHF electronic charge densities in the study of collision problems, which is known many particles problems. Although using RHF technique increases the calculation time, it gives more reliable results. This is shown in Figs.1-4 . The effectiveness of using RHF charge densities in the calculation is seen by comparing the results with previous work. It is obtained that present results are better than the previous calculation results.
When we compare the results for different tissues, we see that the values are almost same.
The difference between the all calculated results for the tissues is about 1%. This shows that the tissues' material compositions do not cause much difference in the stopping power and range values since all the tissues used in this work has almost same density and material composition. On the other hand it is important to inspect whether it affects the absorbed dose or not. As it is well-known that stopping power and range values are the key parameters to determine the absorbed dose in the target. Table 2 Material composition of brain, breast and eye. Table 3 Obtained stopping power and CSDA range results for electrons in brain, gray/white matter. Table 4 Obtained stopping power and CSDA range results for electrons in breast tissue. 
